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(54) METHOD OF PRODUCING ORGANIC EL ELEMENTS, ORGANIC EL ELEMENTS AND 
ORGANIC EL DISPLAY DEVICE 



(57) A method of manufacturing an organic EL ele- 
ment according to ttie present invention comprises the 
steps of torming pixel electrodes (801). (802), (803) on 
a transparent sut>strate (804) and forming on the pixel 
electrodes by patterning luminescent layers (806), 
(807), (808) made of an organic compound by means of 
an ink-jet method. According to this method, it is possi- 
ble to carry out a high precise patterning easily and in a 
short time, thereby ened^ling to carry out optimization for 
a film design and luminescent characteristic easily as 
well as making it easy to acQust a luminous effidency. 
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Description 

FIELD OF THE INVENTION 

5 The present Invention relates to a method of manufacturing an organic electroluminescent (EL) elemeit an organic 
EL element, and an organic EL display device. 

BACKGROUND AFTT 

10 An organic EL element is an element which has a configuration in which a thin film containing a fluorescent organto 
compound is held between a cathode and an anode. In the organic EL element, electrons and holes are injected from 
the respective electrodes into the thin film to generate exdtons through the reoombimation of the electrons and holes. 
The organic EL element produces luminescence tiy utilizing emission of light (fluorescence or phosphorescence) at the 
deactivation of the exdtona 

IS The features of the orc^lc EL element is that it is possible to okrtain a high irrtensity surbce lunwiescence on the 
order of 1 00 to 1 00.000 od/vrP at a low voltage of tefss than 1 0V. and that it is possible to produce luminescence of from 
blue to red by the selection of the kind of fluorescent material. 

The organic EL element is drawing attraction as a device for realizing a large area full color display element at a 
low cost (see, Technical Reports of the Society of Electronic Information and Communications, Vol. 89, No. 106, 1989, 
20 p. 49). According to the report, Ijright luminescence of blue, green and red were obtained by fbmiing a luminescent 
l^er using an organic luminescent material which emits strong f luorescenca This fact Is considered to mean that it is 
possible to realize a high brightness full color display by using an organic coloring matter which emits strong fluores- 
cence in a thin film state and has less pin hole defects. - . 

In adcfition, in Japanese LaidOpen Putrflcation No. Hei 5-78655. there is proposed to use an organic luminescent 
25 layer containing a luminescent material which is formed of a mixture of^an organic charging material and an organic 
luminescent material, thereby obtaining a high brightness full color element by preventing.guenching due to higher con- ^ 
centration as well as expanding the latitude in the selection of the luminescent material. 

Further, in Appl. Phys. Lett. Vol. 64. 1994. p. 815. it is reported that a white luminescence was obtained by using 
polyvinyl carbazole (PVK)as a luminescent material and doping it with coloring matters conesponding to three primary 
30 colors R, G and B. However, in neither of the above references, the configuration or the method of manutecture of an 
actual full color display panel is not shown. 

In the organic thin film EL elements using the organic luminescent materials described above , in order to realize a 
full color display device, it is necessary to arrange organic luminescent layers which emit any one of the three primary 
colors for the respective pixels. However, there is a problem in that a pdymer or precursor that forms the organic lum- 
35 nescent layer lacks a suff bient resistance to a patterning process such as photolithography, so that it is very difficult to 
carry out patterning with highly pfedsion. 

Further, when several organic layes are to be formed by a vacuum deposition method, it tekes a long time. There- 
fore, such a method cannot i>e saki to be an effident method of mam^ 

40 SUMIWIAYOFTHEINVEfMTION 

It is an object of the present iriventlon to provide a method of manufacturing an organic EL element which makes it 
possible to carry out patterning easily and precisely, can attain optimization of a film design in a simple manner, and has 
excellent luminescence characteristics, as well as.to provide an organic EL. element smd an organic ELcfispiay device, 
45 In order to achieve the above dtied, the manufactiiring method of an orgara'c EL element according to the present : 
invention comprises the steps of forming pixel electrodes on a transparent sul>strate, forming on thepixel electrodes by 
patterning at least one luminescertt layer having a certain color and made of an organic compound, and forming a coun- 
ter electrode opposing the pixel electrodes, wherein the formation of: the lunnnescent layers is peiformed by means of 
an ink-jet method. 

so In the. present invention, rt is preferable that the organic compound is a polymer organic compound. In this case, it 
is preferable that the polymer organic compound is a hole.irijection and transfer type material. Preferably, such a poly- 
mer organic conrippund is a polyparaphenylene yinylene or its derivative c^. a copolymer which contains at least either ' 
one of these compounds. :. - . 

In this connection, when an cr^anic luminescent material itself is not a hole injection and transfer type material, as 
ss Isth case in the above-mentioned polymer organic ooriipound. it is posstole to add a hol^ . 
nriaterial to the lurninescern layer in addition to the luminescem nriat 

Further, it is also preferred that the at. least one luminescent layer comprises. three layers having diffa'ent colors; in 
which the at least two colors out of the luminescent layers of three colors are pattehied fay means of an ink-jet method. 
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The three colors are red. green and blue, and it is preferable that the red luminescent layer and the green luminescent 
layer are patterned by means of an ink-jet method. In this case, it is more preferable that the blue luminescent layer is 
formed by a vacuum deposition method. Further, it is preferable that the blue luminescent layer is made of an electron 
injection and transfer type material, such as an aluminum quinolinol complex. 
£ In the manufacturing method for the organic EL element according to the present invention, it is preferable that at 

least one luminescent layer is laminated with a hole injection and transfer layer, and it is also preferable that a protective 
film is formed on the counter electrode. ' 

In the manufacturing method for the organic EL element of the present invention. It is preferable that the transparent 
substrate is provided with thin film transistors for driving respective pixels. 
10 Further, it is preferable that the pixel electrodes are formed into a transparent pixel electrode. 

Furthermore, the organic EL element of the present invention is provided with a transparent sul3Strate^ pixel elec- 
trodes formed on the transparent substrate, at least one luminescent layers having a certain color and made of an 
organic compourti. the luminescent layer being pattemed on the pixel electrodes by an ink-jet method, and a counter 
electrode formed on the luminescent layer. 
15 It is preferable that the organic compound is a polymer organic compound, and it is more preferable that the poly- 
mer organic compound is a hole injection and transfer type material. 

Moreover, it is preferable tiiat the polymer organic compound is a polyparaphenylerle vinylene or its derivative or a 
copolymer containing at least one of them. 

It is preferred that the at least luminescent layer includes three layers hiaving different three colors, and it is prefer- 
20 able that two layers thereof in the luminescent layers of threeKColors are pattemed by ah ink-jet method. The three colors 
are red, green and blue, and it is more preferable that the red luminescent layer and the green lumtnescent layer are 
separately pattemed by an ink-jet method. In this case, it is more prefeiable that tiie blue luminescent layer is formed 
by a vacuum deposition method. 

It is preferatde that the blue kirrvnescent layer is made of an electron injection and transfer material As for such a 
25 blue luminescent layer, a layer containing an aluminum quinolynol complex can be mentioned. 

Moreover, it is preferable tiiat at least one luminescent layer Is laminated with a hole injection and transfer type 
layer, and it is more preferable that a protective film is formed on the cathode. 

Furthermore, it is preferable tfiat the pixel electrodes are formed into a transparent pixel electrode. . 

Moreover, the organic EL display device according to the present invention is characterized in that it includes the 
30 organic EL element descried in the above: : 

BRIEF bESCRIPTION OF THE DRAWINGS 

Rg. 1 is a sectional view which shows a first embodnnent of a manufacturing method for an organic EL element 
35 according to the present invention. 

Fig. 2 is a sectional view which shows a second embocfiment of a manufacturing method for an organic EL eleineht 
according to the preset invention. 

Fig. 3 is a sectional view wtiich shows a third embocfiment of a nnanufcicturing method for an organic EL element 
according to the present invention. 
40 Fig. 4 is a sectional view which shows a fourth embodiment of a manufacturing method for an organic EL element 
according to the present invention. 

Fig. 5 is a sectional view which shows a fifth emkxxiiment of a manufacturing method for an organic EL element 
according to the preset invention. : 

Fig. e rs a sectional view which shows an ; example of the organic EL element according to the present invention. 
45 Fig. 7 is a sectional view which shows an example ^f ;an oiganlc EL display device iising the organic EL element 
according to the present invention. — \ -i-r-^C'O ^^:z •ob ':.'r^''n ^. - ^ ^ 

Rg.:8 is a diagram which shows an exan^le of^ran^active malriy -type organi<:'EL.display device using the organic 
EL element according to the present invention. '-'5 ^bi^rb^^r. • '•; -.^ ■ • . . • 

Fig. 9 is a sectional view which shows anexample of a mEtirtutedturihg metiiod of 'the active matrix type organic EL 
so display device. 

Fig. 10 is atperspectiye view which shows-an example trf a coitfiguration of a head for aii ink-jet method which is 
used in tiie nrianufiacturir^mettiodtof the organic EL elenrterit accor^^ ■ : » 

Rg..11 is a sectional view of the nozzle part of the head for an ink^et method which is used tn the manufacturing 
method of tiie organic EL element according to the present invention. 
55 Fig. 1 2 is a diagram which shows another emtKXliment of an organic EL display device according to the present 
Invention:-. . ^ . v:^-' ■}'■"■ " * ■ - ' 

Rg. 13isaschenr@ticperspectiv viewof an organic EL cfisplay device according to the present inventida 

Fig. 14 is a diagram which shows^an examplei^f the waveform of the driving voltage applied to the electrodes. ' 
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Fig. 15 is a partial sectional view which shows another embodiment of an organic EL element according to the 
present invention. 

PREFERRED EMBODIMENTS OF THE INVENTION 

5 

In the following, the manufacturing method of the organic EL element artd the organic EL element according to the 
present invention will be descrftjed in detail based on the prefenred embodiments shown In the accompanying drawings. 

Rg. 1 shows a first emtxxfiment of the manufacturing method of the organic EL element according to the present 
invention. This figure shows the manufacturing method of a full color organic EL element with three colors. As shown in 
70 the figure, this invention is directed to a method of manufacturing an organic EL element which comprises a step off 
tbrniing pixel electrodes 101, 102 and 103 on a transparent substrate (transparent support) 104. a step of patterning 
luminescent layers 106 and 107 which are made off organic compounds on the respective pixel electrodes, and a step 
of forming a cathode 1 1 3. wherein the method is characterized in that the fbrmation of the luminescent layers Is earned 
out by means of an ink-jet method. 
75 The transparent substrate;l 04 functions not only as a support but also as a surfoce through which light is taken out. 
Accordingly, the material fbr.the transparent substrate 104 is selected by taking the light-permeabflity, thermal stability 
and the like into consideration. As for examples of the material to be used for the transparent substrate, glass, transpar- 
ent plastic or the like can be mentioned, and among these materials, a sut)strate made of glass is particidarly preferable 
in view of its excellent heat resistance, . . - , 

20 In more details, the first, pixel electrodes 101, 102 and t03 are formed on the transparent substrate 104, As for 
examples off methods of forming these pixel electrodes, photolithography, vacuum deposition method, sputtering 
method and pyrosol method can be mentioned. Among these methods, the photolithography is particularly preferable. 
As for these pixel electrodes, it is pref en-ed that tiiey are formed into transparent pixel electrodes. As for tiie materials 
constituting the transparent pixel electrodes, a tin oxide film, an ITO (Indium tin oxide) film and a composite odde film 
25 of indium oxide and zinc oxide can tie mentioned. 

Next partitioning walls (banks) 105 are formed to fill the spaces between the pixel electrodes. 

In this way. it is possible to improve the contrast to prevent mixing of colors of the luminescent materials, and to 
prevent light from leaking between the pixels. 

As for the materials constituting the banks 1 05, no particular limitation is imposed, if they have a resistance to the 
30 solvent for tiie EL material. For example, organic material such as acrylic resin, epoxy resin, photosensitive polyimide 
and the lite; and inorganic material such as liquid glass and tfie like can be mentioned. In this regard, it is to be noted 
that the banks 1 05 may be formed into a black resist wtuch is formed by mixing cariDon black and the like into tiie above- 
mentioned material. 

As for examples of tine fonning metiiod for the banks 105, photolithography and the lite can be mentioried. 
3S Furttier. organic luminescent layers are formed respectively on the pixel electrodes according to a predetenrraned 
pattern. In this case, it is preferal)le to provide organic luminescent layers with three color types. In ttiis connection, it is 
prefenred that at least one layer among these organic luminescent layers is formed by an ink-jet metiiod: 

In the emtodiment shown in Rg. 1 , a red luminescent layer 1 06 and a green luminescent layer 107 are formed on 
thepixdelectrodes101and102, respectively, by the Ink-jet method. . . 
40 In tiie above descriptions, the term Ink-jet rnethod" is used to mean a mettiod of forming a pixel of one of the three 
primary colors including red. green and k>lue or a pixel of at least one color which is intermediate between the primary 
colors by dissolving or dispersng a luminescent material in a solvent to obtain a discharge liquid and then discharging 
the discharge Hquid from a head 1 10 of an ink-jet device 109. ... 

According to such an ink^et method, it is possible toicanry out fine patterning in a sirriple nianner artd in a 
45 time. Further, rtt is also possft)le to control easily and freely the luminescent characteristics such as color balance and 
brightness (luminance) by adjusting the tiiictoiess off tiie layer through acflustment of the cfischarge amount off the ink or 
by adjusting the ink concentration. . i ... , 

When the organic iLsninescent materials are conjugated polyrner precursors descrfoed later, the luminescent layers 
are fbnmed by discharging tiie luminescent materials by the ink-jet method to canry out patterning, and thei conjugating 
so (to form a film) the precursor oonrponentstsy heating or irradiation \vi1h light * , . . r 

Next as shown in Rg. 1 , a Wuo luminescent layer 108 is formed on the red luminescent layer 106. the green lunra- 
nescent layer 107 and the pixel 6!e<*ode 103. In this way, it is possftsle not only to form layers having the three primary 
colors including red. green and t^ue. but also to bury the level differences between the banks 105 and each off the red 
luminescent layer 106 arKl the green luminescent layer. 107 so as to be fflattened. . t : .- : i . 

ss No particular limitation is imposed upon the forming method ffbr the blue luminescent layer 108; and it is possfole to 
form the layer using the general f Om forming method known as deposition method or wet method, for instartce, or using 
the ink-jet mettiod;' : . . - i: . ^.^ . ':r.^\-..< r..:. . . . ^ ' v 

Further, the blue luminescent layer 1 08 can be formed off an electron injection and transfer material such as alunrti- 
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num quinolynoi complex. In this case, rt is possible to promote the injection and transfer of the canriers so as to improve 
the luminous effidency. Furthermore, when such a blue luminescent layer 108 is laminated with red and green lumines- 
cent layers formed of a hote injection and transfer material described later, it is also possible to inject and transfer the 
electrons and the holes from the respective electrodes into these lanunated luminescent layers with appropriate bal- 
5 ance. thereby enabling to improve the luminous efficiency. 

Moreover, when such a blue luminescent layer 108 is laminated with the red and green luminescent layers made 
of a hole injection and transfer type material, the function of hole injection and transfer and the function of electron injec- 
tion and transfer can be assigned separately to different layers, so that optimum design can be selected lor the respec- 
tive materials. No particular limitation is imposed upon the forming method of such an electron injection and transfer 
10 layer, and it is possii^e to form the layer by using, for example, the general film forming method known as deposition 
method or wet method or the ink-jet method. 

In this connection, as for an organic compound which can form an electron injection and transfer layer, oxadiazole 
derivative such as PBD. OXD-8 and the like, DSA. aluminum quinolinol complex, Betx:|, triazole derivative, azomethine 
conplex, porphine complex, benzoxadiazol and the like can be mentioned. In this case, an electron injection and trans- 
75 fer layer can be formed from just one of these materials, or formed t3y mixing or laminating one of or two or more of 
them. In addition, the electron injection and transfer layer may t>e formed by doping a fluorescaice dye described later 
to tiie organic compound described. Further, the electron injection and transfer layer itself may have a function of lumi- 
' nescence.; ' '*.• ■-' 

As described at>ove, in this emt)odiment, organic luminescent layers for two colors are formed by the ink-jet method 
20 while the layer for the remaining one color is formed by a different method. Therefore, according to this embodiment, 
even when a luminescent material which is not so suited for the ink-jet method is used, a full color organic EL element 
can be formed tiy using such a material in a combination with other organic luminescent materials that are suited for 
the ink-jet method, so that the latitude in the design for the EL element will be expanded. 

As for examples of the forming method for the luminescent layer other than the ink-jet method, photolithography 
25 method, vacuum deposition method, printing method, transfer method, dipping method, spin coating method, casting 
method, capillary method, roll coating method, t3ar coating metfiod and the Wka can be mentioned. 

Rnally. a cathode (a counter electrode) 113 is formed, thereby the organic EL element of the present iriverrtion' is 
completed. In this case, it is preferred that tiie cathode 1 1 3 is formed into a metallic thin film electrode, and as for exam- 
ples of the metal for forming the cathode.' Mg. Ag, Al, Li and the like can be mentioned. In addition, a material having 
30 small work function can be used for the material for the cathode 113, and for example, alkali metal, alkali earth metal 
such as Ca and the like, and alloys containing these metals can be used. Such a cathode 113 may be formed using a 
deposition method, a sputtering metiiod or the like. 

The organic EL elemart of the present invention is manufactured through the processes described in the above. 
Namely, as shown in Fig. 1, the pixel electrodes 101 and 102 are provided on the transparent sut^strate 104, the red 
35 luminescent layerl 06 and tiie green luminescent layer 107 which are made of organic compounds are then formed on 
' the pixel electrodes 101 and 102, respectively, by patterning by using the ink-jet method, and then the blue luminescent 
layer 108 is forn^ed on the luminescent layers 106 and 107 and the pixel electrode 103 by the vacuum deposition 
method. Thereafter, the catiiode 1 13 is formed on top of the tDlue luminescent layer 1 08, thereby the organic EL element 
according to the present invention Is corrpleted. 
40 Further, as shown in Fig. 6. a protective film 415 may be fonmed on top of a cathode 413. By forming such a pro- 
tective film 415, It tDecomes possible to prevent deterforation; damaget peeling €Uid the like from occurring in the cath- 
ode 413 and in the luminescent layers 406. 407 and 408- 

As for materials for constructing the protective film 415. epoxy resin, acrylic resin, liquid glass arxd the like can be 
mentioned. Further, as for examples of the forming method for the protective film 415, spin coating method, Ccisting 
45 method, dipping metiiod, bar codting method, roll coating method, capillary method and the like can be mentioned. 

In this emtKxiiment, it is preferable that theselumlnescent layers areibmned of an organic conripouhd; and it is more 
preferable that these I uminescent layers ; are' formed [of a) polymer organic compound/ By provi<£ng such luminescent 
layers that are formed of the organic compound, it is possible to obtain high brightness surface luminescence at low 
voltages. Further, since luminescent materials can be:sefectedcfrom wide range of'f ield. a National design tor the luriii- 
so nescent element becomes possa^le. • ,r >. • ^ ' — 

In particular, polymer organic compounds have an excellent film formation property, and the luminescent laym 
composed of polymer organic compounds have ah extremely good durability. Further, these polymer organic com- 
pounds have a band gap in the visible region and a relatively high el^:trical conductivity. Among such polymer organic ' 
compounds, a conjugated polymer can ^ibit such properties pronnunentiy. 
55 As for materials for the organic luminescerit layers, polymer orgartic compound itself; precursor of conjugated 
organic polymer opnrpound which is to be conjugated (to form a fiim);by heating, or the like, and other materials are 
. used. "r-^-r r • - -,.7,." ' / . . • ' : -i ^ v- • 

When a precursor prior to conjugation (to form a f Om) is used as a luminescent material, the viscosity or the like of 
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a discharge liquid used for the ink-jet system can be adjusted easily, so that the patterning is canied out predsely and 
the luminescence characteristics and the f flm properties of the luminescent layer can be controlled easily. 

It is preferred that the polymer organic compound forming the luminescent layers is a hole injection and transfer 
material. In friis way. it is possible to promote the injection and transfer of the carriers and thereby to inrprove the lumi- 
5 nous efficiency. 

As for exanples of an organic compound which can form the luminescent layers, polyaikyflhiophene such as PPV 
(poly(paraphenylene vinylene)) or Hs derivative, PTV (poly(2.5-thienylene vinylene)) and the like; polyallylene vinylene 
such as PFV (poly(2,5-furylene vinylene)) polyparaphenylene. polyalkylfluorene and the like; pyrazoline dimer; quino- 
lizine carboxylic add; benzopyrylium percNorate; benzopyranoquinolizine: rubrene; phenanthroline europium complex 
10 and the like can be mentioned. In this case, just one of them or a mixture of two or more of them can be selectively used. 

Among these organic compounds. PPV which is a conjugated organic polymer compound or its derivative is pref- 
erat)le. The precursor prior to conjugation (to form a fBm) of PPV or its derivative is soluble to water or organic solvent, 
so that they are suitable for pattern formation by the ink-jet method. Further, it is possible to obtain a thin layer which 
has high optical quaRty and excellent durability, since it is a polymer. Furthenmore. PPV or its derivative possesses a 
15 strong fluorescence, and since it is a conductive polymer In which n-electron of double bond is delocalized on the pol- 
ymer chain, a thin film of PPV also functions as a hole irqection and transfer layer, which makes it possible to otnain an 
organic EL element having high performance. • - 

Furthermore, the composition for an organic EL element in a case where a polymer organic compound is used for 
the material for the luminescent layers may include at least one Wnd of fluorescent dye in it By induding such fluores- 
ce cent dye way, it becomes possible to change the luminous property of the lununesscent layer. Therefore, tie addition of 
the fluorescent dye is effective as a means, for example, for improving the luminous efficiency of the luminescent layer 
or for changing the maxinrtum wavelength of light absorption (emitted cotor) of the luminescent layers. 

Namely, a fluorescent dye can be utilized not only as a material for the luminescent layers t)ut also as a material for 
the coloring matter which has the luminescence function itself. For example, almost all of the energy of the excitons 
2S which are generated by the recomb'nation of carriers on.the molecules of a conjugated organic polymer compound 
such as PPV can be transferred onto the molecules of the fluorescent dye. In thfe case, the cunent quantum effidency 
of the EL element is also increased, because the luminescence arises only from the molecules of the fluorescent dye 
which have a high fluorescence quantum effidency. Accordingly, by the addition of a fluorescent dye Into the composi- 
tion for the organk: EL element the luminescence spectrum of the luminescent ia^er becomes at the same time the 
30 spectrum of the fluorescent dye. whereby this method becomes also an effective means for changing the emitted color. 

In this connection, it should be noted that wtiat is meant here by the current quantum effidency is a scale for con- 
skiering the luminescence performance according to the luminescence function, and it is defined by the following 
expression. . — 

^ ^'^^'^yo^enriitted photon /input electrical energy. 

The changes in the maximum wavelength of light absorption induced by the doping of a fluorescent dye make it 
possible . for example, to emit the three primary colors of red, green and blue, thereby enabling to obtain a fuH color 
display device. 

40 Furtfier. the doping of the fluorescent dye makes it possflsle to improve extremely the luminous effk^iency of the EL 
element . • 

As for a fluorescent dye used for the red luminescent layer., laser dye DCM. rhodamine or a rhodamine derivative, 
perylene arxl the like can be used. These fluorescent dyes are soluble to solvents t^ecause they are low molecules, and 
have a high compatibility with PPV or the like, so that a luminescent layer with a good uniformity and good stability can 
45 be formed easily. As for examples of the rhodamine derivative fluorescent dyes, rtuxJamine B. rhodamine B base, rhod- . 
amine 6G, rhodairdne 1 01, perchlorate can be mentioned. In this case, a mixture of two or more of them can be selec- 
tiveiyused., / - . j •.. . • * • ••. ; •" : ^: : :\. ; ' 

Further, as for a fluorescent dye used in the green luminescent layer, quinacridone, ndirene,. DCJT and their deriv- 
atives can be mentioned. Since these fluorescent dyes are low molecules in the same manner as the fluorescent dyes 
50 t k>e used in the above-mentioned red luminescent layer, they are soluble to solvents and have a high conpatibility with 
PPV or the like, so that tiie luminescent layer can t3e formed easily. ^ 

As for the fluorescent dye used in the l3lue lurninescent layer, dlstyrylbiphen 
These fluorescent dyes are soluble to aqueous solutions in the same manner as the akx>ve-mentioned fluorescent dyes 
for the red luminescent layer, and have high compatibility witti PPV or th like, so that the luminescent layer can be 
55 formed easOy. a - . .-.v * ... -v-i-i /. . 

In addition, as for other fluorescent dyes that can be used in the Ijlue luminescent layer, coumiarin; and cdurharin 
derivatives such as coumarin-.1..coumarin-6. coumarin-7. coumarin 120, coumarin'ISS, coumarin 152, couitiarin 153, 
coumarin 31 1 , coumarin 314, coumarin 334, coumarin 337, coumarin 343 and the like can te mentioned. 
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Moreover, as for other luminescent materials that can be used in the blue luminescent layer, tetraphenylbutadiene 
(TP6) or TPB derivative, DPVBi and the like can be mentioned. Since these luminescent materials are also low mole- 
cules in the same manner as.tiie fluorescent dyes for the red luminescent layer, they are soluble to solvents, and have 
high compatibility with PPV or the like, so that the luminescent layer can be formed easily. 
5 These fluorescent dyes and luminescent materials as described above can be selectively used as a just one of 

them or as a mixture of two or more of them. 

The structure of a head of the ink-jet system used in the manufacturing method of the organic EL element accord- 
ing to the present invention is shown in Rg, 10 and Fig. 11. 

The head 10 for the ink-jet system is provided with, for example, a stainless steel, nossde plate 11 and a vibration 
10 plate 13, and they are coupled via partitioning merTt)ers (reservoir plates) 15. 

Between the nozzle plate 1 1 and the vibration plate 13. a liquid storage 21 and a plural'ity of spaces 19 are formed 
by means of the reservoir plates 1 5. The inside of the respective spaces 19 and the lK|uid storage 21 are fined with the 
composition according to the present Invention, and the spaces 19 communicate with the liquid storage 21 through sup- 
ply ports 23. 

75 Further, a nozzle hole 25 is provided in the nozzle plate 1 1 for discharging the composition in a jet-form from the 
spaces 19. In the meantime, a hde 27 is formed in the vibration plate 13 for supplying the composition to the lk|uid stor- 
age21. " . " ■ . 

Further, on a surface of the vibration plate 13 which is opposite to the other surface that faces wrtti the spaces 1 9. 
piezoelectric elements 29 are attached at positions corresponding to the positions of the respective spaces 19. 

so ... Each of tiie piezoelectric elements 29 is positioned between a pair of electrodes 31. The piezoelectric element 29 
is adapted to bend so as to pirotrude outward when energized, and at the same time, the vibration plate13 to which the 
piezoelectric element 29 is attached is also bent outward together with the piezoelectric element 29. In ttiis way, the vol- 
ume of the space 19 is increased. With this result, a quantity of the conposition corresponding to the increased volume 
flows into the space 19 from the liquid storage 21 through the supply port 23. 

25 Next when the piezoelectric element is de-energized, both tiie piezoelectric elemerit 29 and tiie vibration plate '^3 
return to their original shapes. In this way. tiie space 1 9 also returns to its original volume, so that the prelssure ecerted 
to the composition, within tiie space .1 9 goes up. whereby the ooniiposition is jetted out from the nozzle hole 25 toward 
the substrate. - . , : 

In this connection, a waiter repellent layer 26 is formed at the peripheral part of the nozzle hde 25 in order to prevent 

30 the bend of the jetted direction of the composition and the clogging of the hole from occurring. 

Namely, a water repellent layer 26 formed of; for example; a Ni-tetraf luoroetiiylene eutectoid plated layer is provkied 
in the peripheral part of the nozzle hole 25 as shown in Rg. 1 1 . 

Using the head with the above construction, it is possible to form respective organic luminescent layers by dis- 
charging the conpositions corresponding to. for example, the three primary ootors red, tAue, and green according to a 

35 predetermined pattem. thereby enabling to form the pixels. 

In the manufacturing method of the organk: EL element according to the present Invention, compositions with %e 
following characteristics can be used as organic luminescent materials for the ink-jet method. 

It is preferable that the compositions have a contact angle of 30 to 170 degrees, and more preferably. 35 to 65 
degrees, with respect to the material constituting the nozzle surface 251 of the nozzle provided in the head for the ink- 

40 jet system lor discharging tiie composition. When the composition has the contact angle given In this range, it is possi- 
ble to carry om a predse patterrting by suppressing the bend iriflie jetted direction of the to ' 

Namely, if the contact angle Is less than 30 degrees, wettability of tiie composition with respect to the material con- 
stituting the nozzle surface increases, so that there is a case ttiat the composition attaches asymmetrically to the 
periphery pf the nozzle hole a| the timje. of discharging the composition. In this case, an attraction acts between the com- 

45 position attached tpithe nozzle hole and.the, composition to be discharged. This causes the discharge of the composi- 
tion by .a:noivui^rm.,fbrcei :whlch gives .rise :tQ'a^ituation so-called. Iserid in the jetted direction"- in which the 
composition is.unable to reach the target position, and atsolo^an' increase In the occurrence frequency of tfie bend in 
the jetted direction. Meantime, if the contact angle exceeds 1 70 degrees, the interaction between the composition and 
the nozzle hole becomes a minimum and the shaped the meniscus at the tip of the nozzle is unstable, so that the con- 
so trol of the arnount and the tirrungs of discharge of .tfie wrnposition^ends to be 

In the above descrqstions. wfiat Is rneant-here by ihe bendin the jetted direction refers to a situation m which, when 
the corrposition is discharged from the nozzle, the point of Impact of a dot deviate from the target position by more 
than 50 jim. Further, the occurrence frequency of the bend in the jetted direction is defined as the time until the bend in 
the jetted direction: occurs after a continuous discharge of the compositibn is started at the frequency of '^OOHz. The ' 

55 bend in the jetted direction is generated prindpally.by such causes as the nonunifbrmity in the.wettability of the nozzle 
hole and the clogging of the nozzle hole by the attachment of soiki components of the composition. Such bend in the 
jetted direction can be elimir^ed by cleaning the head. In this connection, more frequent head cleaning is required for * 
more frequency of.occunr.ence of the bend in the jetted direction, and such a composition that arises the Ngher occur- 
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rence frequency can be said to a composition that deteriorates the manufacturing efficiency of the EL element by the 
ink-jet method. On the practical level, an occurrence frequency of the bend In the jetted direction is required to be more 
than 1000 seconds. 

By preventing such bend in the jetted direction frc»n occumng, it becomes possible to carry out a highly fine pat- 
terning with high precision. 

Further, it is preferable that the viscosity of the composition is 1 to 20cp, and more preferably 2 to 4cp. Iff the viscos- 
ity off the composition is less than Icp. the contents of the precursor and the fluorescent dye in the material are too 
small, so that the luminescent layer which is formed cannot exhtoit luminescence power sufficiently On the other hand, 
if it exceeds 20cp. rt is impossible to discharge the composition smoothly from the nozzle, and it becomes difficult to 
cany out patteming unless otherwise such a change in the specification as the enlargement off the diameter off the noz- 
zle hole is introduced. In addition, when the viscosity of the composition is high, precipitation of the solid components 
in the conposition tends to occur, thus leading to an increased oocunrence frequency of clogging of the nozzle hole. 

Furthermore, it is preferable that the composition has the surface tenaon of 20 to 70 dyne/cm. and more preferably 
25 to 40 dyne/cm. By restricting the surface tension to such a range, it is possible to suppress the bend in the jetted 
direction and suppre^ the occun^ence frequency of the bend in the jetted direction to a low level, in the same manner 
as the case of the atxsve-mentioned contact angle. If the surface tension is less than 20 dyne/cm, the wettability of the 
composition with respect to the material constituting the nozzle surface increases, which results in the occurrence of 
the bend in the jetted direction, and an increase in the occurrerice frequency of the bend in the jetted direction, similar 
to the case of the contact angle. On the other hand, iff it exceeds 70 dyne/cm. the shape of the meniscus at the tip off 
the nozzle is not stable, which results in the difficulty in the control off the amount and the timings off discharge of the 
composition. 

Further, as for the composition of the organic luminescent material suitable for the manufacturing method of the 
organic EL element of this invention, it needs to satisfy the condition on the numerical range for at least one of the char- 
acteristics including the contact angle, the viscosity and the surface tension described above. In this connection, a com- 
position which satisfies the conditions for the arbitrary combination of two characteristics is more prefor^e, and a 
composition which satisfies tiie conditions for all the characteristics is most preferable. : 

Rg. 2 shews a second emtxxliment of the manufacturing method of the organic EL element according to the 
present irrvention. 

In this second emtwdiment, after formation of pixel electrodes 201 , 202 and 203 and banks 205 on a transparent 
substrate 204. a red luminescent Is^er 206 and a green luminescent layer 207 are fonned by using an ink-jet mettiod in 
the same manner as the first enrixxlinnent 

This second emtxxSment Is different from the first embodiment in the point that a hole injection and transfer layer 
208 is formed on ttie pixel electrode 203 and then a blue luminescent layer 210 is laminated on the fayer 208. By the 
lamination of the hole injection and transfer layer 208 witii the blue luminescent layer, it becomes possible to promote 
the injection and transfer of the holes from the electrode to improve the luminous effftoiency as mentioned above. 

Thus, in the manufacturing method for the organic EL element according to the present invention, rt is preferable to 
laminate a hole injection and transfer layer witti at least one luntinescent layer with a certain color. In this way, it is pos- 
sOide to improve the luminous efficiency and to improve the stability of the thin film element itself. 

In this case, at the vicinity of the interface between the luminescent layer and the hole irijection and transfer layer 
vtfhich are laminated with each other, a part off ttie materials contained in either of layers may exist in the state off mutual 
impregnation and diffusing into the other layer. 

It is preferable that the hole injection and transfer layer 208 is a non-luminescent layer. With this arrangement it fe 
possible to make a region of the blue luminescent layer 210 positioned above tiie pixel electrode 203 to be a lumines- 
certt portion, thereby ensddtir^ to fabricate a full color organic EL elemerit n^ 

No particular limitation is imposed upon the forming method for such a hole injection and transfer layer 208, but for 
example, it is possible to form the layer by using the ink-jet method. In thls vway, it becomes possible to arrange the hole! 
injection and transfer layer 208 precisely with a predeterniinai F^ttern..' 

As for exanples of the material constituting the hole injection and tiansfer layer 208. aromatic diamine based com- 
pound such as TPD; MTDATA; quinacridone; bisstil anthracene derivative; PVK (polyvinyl carbazole): phthalocyanine 
based cornplex such as copper phttialocyanine; porphin based compound; NPD; TAD; polyanUiner and tiie like can be 
mentioned. Among these materials, PVK is particuraly preferred. By usAvxg PVK, it becomes possible to form a non-lunrti- 
nescent hole injection and transfer layer. ; . \ . 

Further, ttie organic EL element according to the present invention can be obtained by forming a blue luminescent 
l^er 210 and a cattiode 211 in the same way as the first €mbodiment..The materials constituting tiie blue luminescent . 
layer 21 0 and the catiKXIe 211 and ttie manufacturing meftod thereof are the same as those off the first embodiment 

Rg. 3 shows a third embodiment of tiie^ncianufacturing method forthe organic.EL element according to the present 
invention. -. ^ . ^. ■ •. / : . n 

In this third embodiment aft^ tiie fonnation of pixel electrodes 301 , 302 and 303 and banks 305 on a transparent 
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substrate 304. a red luminescent layer 306 and a green luminescent layer 307 are formed In the same manner as the 
first embodiment 

Next, a hole Injection and transfer layer 308 is formed on the entire surface of the red luminescent layer 306. the 
green luminescent layer 307 and the pixel electrode 303. By laminating the hoi Injection and transfer layer 308 with the 
5 luminescent layers 306 and 307 in this way. It Is possible to promote the injection and the transfer of the holes from the 
electrodes to improve the luminescence efficiency, as desaibed in the above. 

Further, by the same reason as in the above, it is preferable that the hole injection and transfer layer 308 is formed 
into a non-luminescent layer 

No particular limitation is imposed upon the forming method for the hole injection and transfer layer 308. and for 
10 example, ink-jet method, vacuum deposition method, dipping method, spin coating method, casting m^od, capillary 
method, roll coating method, bar coating method and the like can be mentioned. In this embodiment, it is to be noted 
that the hole injection and transfer layer can be foniied using the vacuum d^sition method. In this connection, as for 
the material constituting the hole Irijection and transfer layer 308. the same materials as those mentioned in the second 
embodiment can be used. 

15 Further, by forming a blue luminescent layer 309 and a cathode 31 1 on the hole injection and transfer layer 308. 
the organic EL element accordir^ to the present invention can be obtained. The constituent material and the forming 
method of the cathode 311 are the same as those of the above-mentioned embodinients. ' ^ ^ 

Fig. 4 shows a fourth embodiment of the manufacturing method for the organfo EL element according to the present 
invention. . - . . ; 

20 In this fourth embodiment after the formation of pixel electi^odes 801 , 802 and 803 and bank^ 805 on a transparent 
substrate 804 in the same way as the f n-st embodiment, luminescent layers 806. 807 and 808 are patterned on the pixel 
electi-odes 801. 802 and 803. respectively, by the ink-jet method. In this way, the amount of the material to be dis- 
charged for the respective luminescent layers, the number of times of the discharge and the formation pattern of the 
luminescent layers, for example, can be adjusted easily and handily, so that tiie luminescent characteristics and fllrn 

26 thickness and the like of the respective luminescent layers can be controlled easily. • 

In addition, an electron injection and transfer layer 81 1 is formed on the luminescent layers 806. 807 and 808. The 
electi-on injectbn and transfer layer 81 1 fecilitates the injection of the electrons from the cathode, and contributes to the 
prevention of electrode extinction by keeping tiie luminescent portions away from the cathode to establish a better con- 
tact with the cathode. As for the electron injection and trar^er layer 81 1. aluminum quinolynol complex to which tiie 

30 doping is not carried out can be used. This electron injection and transfer layer 81 1 can be formed by means of a vac- 
uum deposition method. 

In this connection, the forming method for the electron injection and transfer layer 81 1 is not limited to this method, 
and for example, the ink-jet method, vacuum deposition metiiod. dipping method, spin coating metiiod. casting method, 
capillary method, roll coating method, k>ar coating method or the like can be used. 
35 Further, the organic EL element according to the present invention can be obtained by fonming a cathode 813 ori 
top of it The constituent material and the formation method of the cathode 813 are the same as those of the above- 
mentioned embodiments. 

Rg. 5 shows a fifth embodiment of the manufacturing method of the organic EL element according to tine present 
invention. 

40 In this fifth embodiment pixel electrodes 801 , 802 and 803 are first formed on a transparent sut>strate 804 in the 
same manner as the first embodiment Then, a hole ir^ection and transfer layer 815 which is for example made of PVK 
is formed on the entire surfaces of the pixel electrodes tsy means of. for example, a spin coating method. Accordingly, 
since the hole injection and transfer layer 815 in ttiis ^ntxxjiment can be formed by means of coating without need of 
patterning, it is possible to inaease manufacturing elf idency. 

45 No particufer limitation is imposed upon the* fomiing method for the hole irijection and transfer layer 81 5; and for 
example, ink-jet method, vacuunideposition metiiod. dipping method, spTfi coating metiiod, casting m^hod,* capillary 
method. roQ coating method, tsar coating method and the like can t>6 used. : 

Further, from the same reason descrbed above withi-eference to the other embodinnents, it is prefenred that the 
hold injection and transfer layer 81 5 is formed into a nori-sluminescent layer. , 5 

so On top of the hole injection and transfer l£^er 815, luminescent layers 806, 807 and 808 are ifbrmed. In this regard, 
it is preferred that among these luminescent layers,: at least oneluminescent layer for a certain color is formed l>y pat- 
tering using the ink-jetinethod carried by the ink-jet device 8d9.' ~ 

Then, by forming a cathode 81 3 on top of the luminescent layers, an organic EL element according to the present 
invention can be otstained. The structural material for tiie cathode 813 and the manufacturing metiiod thereof are the 

55 same as those of the otiier embodiment described atxjve: >.t v , r 

According to this fifth' embodiment, no. bank is formed. However^, by using this manufeictiiririg inethod. the crating 
of the luminescent layers for the primary colors R. G and B can be carried out correctly and preciously, thus leading to 
improvement of manufocturing efficiency. In this regard, it is to be noted that the manufacturing method of this enfood- 
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iment can be also applied to the case where banks are provided to form respective pixels like the previous embodi- 
ments. 

The organic EL element of the present invention can be manufactured according to the manufacturing methods 
described above with reference to the embodiments. However, the present invention is not limited to the structures pro- 
5 vided by these methods, and the following structures can be adopted, for instance. 

Rg. 1 5 is a partial cross-sectional view which shows other embodiment of an organic EL element according to the 
present invention. ' 

The organic EL element of this embodim«rt has a construction in which a reflection layer 62. a transparent conduc- 
tive film (ITO fflm) 63, a hole injection and transfer layer 64. an organic luminesceit layer 65, a metal layer 66 and a 
10 transparent conductive layer (ITO film) 67 are laminated on a transparent substrate 61 in this order. Herelnbelow. the 
materials and the manufacturing methods of the respective l^ers (films) are described, in which a description is made 
only for the differences from the previous embocfiments and the common explanation is omitled. 

In the organic EL element according to this embodiment, on the transparent substrate 61, the reflection layer 62 
which is made from a metal thin film such as Al is provided directly. 
15 The metal \ay& 66 which is laminated onto the luminescent layer 65 as a cathode is extremely thin (approximate 
to 10 to 50 A), so that the metal layer: has a light pemieability so as to pass emitted light from the luminescent layer 65 
therethrough. On the other hand, since the metal layer is extremely thin, its value of resistance is high and therefore its 
conductivity is insufficient Therefore, the metal layer can not sufficiently exhibit function as the cathode. For this reason, 
the transparent conductive film (ITO film) 67 is laminated onto the metal layer 66. In this connection, it is to be noted 
20 that such a metal layer 66 can be made from Al - Li alloy or the like for example, and it can be formed usir^ the vacuum 
deposition method, sputtering method or the like. 

By using the above descrfoed construction, light which is converted in the luminescent layer 65 from a current 
which has been injected from the electrodes is transmitted in the direction indicated by the arrow in the drawing. With 
this result, it becomes possO^le to take out the light without passing through the transparent substrate 61 . so that a dis- 
55 play with a higher brightness becomes possBsie. 

Rg. 7 is an illustration which shows an embodiment of an organic EL display device according to the present inven- 
tion. .... 

In this emtxxiiment a bus line (gate line) 51 1 made of Al is formed on a glass plate 501 l>y means of a photolithog- 
raphy patteming method, and a thin fOm transistor (not shown in the drawing) is formed thereon to constitute the ITO 
30 transparent pixel electrode 504 and the like. Then, as is the same manner as the frst enAxxJiment a red luminescent 
layer 502 and a green luminescent layer 503 are formed by means of the ink-jet method, and then a blue lurriinescent 
layer 505 Is fomied by means of the vacuum deposition method. Thereafter, a cathode 506 is formed by means of the 
vacuum deposition method, thereby constructing the organic EL element same as the first embodiment descrOaed 
above. 

35 In addition, a protective base material 507 is stuck onto the transparent sdastrate 501 In a fixed manner by means 
of a perpheral seal 509. 

Next, this assembly is placed in an inert gas atmosphere such as argon gas or the like, and thereby introducirig the 
Inert gas inside thereof from a seal opening 513 and then the seal opening 513 is sealed with a seal merriber 508. By 
f Uing the inside of the assembly with the inert gas 51 and then sealing it, as described above, it becomes possible to 

40 protect the organic EL element from external contamination such as nroisture or environmental changes, thereby ena- ' 
Wing to maintain the luminescent characteristics of the organic EL display device. In this case, it is preferred that the 
seal memba* 508 is formed fonm a material through wfiich the inert gas 512 does not penetrate. 

A silveH- paste 510 has a function that realizes a contact between the cathode 506 and t^^ 
merit. >• % . ■ ;• . r-\- - .•: . 

45 C^te lines 511 are provkJed to contrd ON and OFF Of the thin fflm transistors (TFT) 

respective cOsplay pixels, in each line of the pixels in order to select pixels to be displayed. Upon writing, potential of the 
gate One for one line of pixels is turned into a selected level, thereby-bringing the TFTs on this line irtto a conductive 
state. At this time, t>y supplying picture signals for the. corresponding pixels from the source electrode wires of the 
respective O nes (not shown in the drawing), the voltages of the pk:ture signals are applied to the pixel electrodes 

so tfvough the TFTs. ther^ enabling to:charge the potentials to the pixels to a level of a signal voHage and then dis- 
charge then. 

Rg. 8 is an illustration which shows other emtxxiiment of an active matrix type organic EL display device using the 
organic. EL element according to the present invention. This organic EL disptey device of this emtxxfiment includes an 
pixel arrangement comprised of a plurality of luminescent pixels which are arranged in a niatrist form and which ara 
ss formed into any one of R.G and B luminescent elements. 

As shown in this figure, on the suk)strate (not shown), there are provided signal lines (signal electrodes) 601 and 
gate Ones (gate electrodes) 602 which are arranged in a matrix form so as to be orthogonal to each other. Further, in 
each of the pixels, a thin f ilm transistor CTFT) 604 which is connected to both the signal line 601 and the gate fine 602 
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is provided, and a luminescent layer 605. 606 which is formed of the organic EL element and connected to the TFT is 
laminated on the TFT. In this case, at least one luminescent layer for any one of colors R. G. B is formed by means of 
the ink-jet method. 

Rg. 9 is a sectional view which shows one example of the manufacturing method of the active matrix type orgarnc 
5 EL display device according to the present invention. 

Rrst. on a transparent substrate 904. predetermined thin film transistors 915 as well as gate lines and signal lines 
(not shown) and the like are formed. Next, on respective pixel electrodes (ITD) 901, 902, 903 which are respectively 
provided with prescribed functionar elements such as the thin film transistors 915. hole injection and transfer layers 91 1 
are formed so as to cover the re^ective pixel electrodes. As for the hole injection and transfer type material, the same 
10 materials that are discussed in this specification with reference to the previous embodiments can be used. Further, the 
method of forming the hole injection and transfer layer 91 1 is not limited to a specific method, and it is possible to form 
the layer by means of any method described above. 

Further, respective luminescent layers 906 (red), 907 (green) and 908 (blue) are formed by patterning. In the for- 
mation of these luminescent layers, at least one layer for one color is fbnned by the Ink-jet method using an ink-jet 
IS device 910. 

Finally, a reflection electrode 913 is formed, thereby completing the organic EL displ^ device according to the 
present invention. As for the reflection electrode 913, Mg - Ag electrode having a thickness of.about 0.1 to 0.2 pm or 
the like is formed, for instance. ' 

In the above-maitioned embodiment concerning the active matrix type organic EL display device according to the 
20 present invention, a thin film transistor is used as a switching element, but the present invention is not limited thereto. 
Other switching elements and two-ternrdnal element such as MIM can be used. Further, the cfisplay device may be con- 
figured into a passive drive type or a static drive type (static image, segment display). 
^ Furthermore, the number of the switching elemertt is not linrvted to one per one pixel. A plurality of switching ele- 
i ments may be provided per one pixel. . . 
25 Rg.' 12 shows an embodiment of an organic EL display device in which a plurality of switching elements are'pro- 
vided per one pixel. In this embodiment, a switching type thin film transistor 142 carries out a role that transmits the 
potential at a signal electrode 132 to a current thin film transistor 143 in response to the potential at a scanning elec- 
trode 1 31 . and the current thin film transistor 143 carries out a role that controls electrical connection between the com- 
mon electrode 133 and the pixel electrode 14 1. 
30 f^ext, referring to the drawings, a description is made witii regardtoan embodiment of a passive matrix type (simple 
matrix type) organic EL display device using the organic EL element according to the present invention. 

Rg. 13 is a perspective view which roughly shows a structure of the organic EL display device according to tiie 
present invention. 

As shown in tiie drawing. In the organic EL display device of this embodiment, a scanning electrode 53 and a'sig- 
35 nal electrode 54 which are formed into an elongated strip, respectively, are arranged outside the organic EL element 52 
so that scanning lines extending from the scanning electrode 53 and the signal lines extencfing from the signal electrbde 
54 are orthogonal to each other through the organic EL element. 

Such a passive matrix type display device is driven by selecting scanning lines of the scanning electrode 53 in a 
pulsed manner in a sequential order while a voltage is applied to signal lines of the signal electrode 54 corresponding 
40 to pixels to be displayed on the scanning line. Such selection of the lines is carried out by a controller 55. 

In this connection, it should t>e noted that in a case of the passive drive type displ^ device, it is necessary that a 
cathode is patterned so as to be separate forrr^ to correspond to each of lines. For example, when a thin cathode hav- 
ing a thickness of about 0.2 is formed acoordingrto the third, embodiment such separate forms of the cathode can 
be autornaticaHy obtained since ^e cathode IS se^ 
45 Such a cathode is formed by the patter formation performed by a masking deposition method or a laser cutting 
method, for-in$tarice. \ ''v..;r : ^^^.w \t t:^\^ r^r'i 'v.: ^- ' ' ^ 

Fig. 14 is a diagrarp which shows.one.exanplQ of wa:^e>forms t3f driving voltages applied to the scanning electrode 
1 3 and signal electrode 14, respectively.'The wsr/e.forms shown in the drawing aretletermined so as to be able to apply 
a voltage Vs which is sufficient to: luminescence to selectedpixels: Further,- the brightness of a pixel to be displayed is 
so controlled through the widtti <of the pulse from the.signal elecfa-ode -1 4 that has been determined so as to meet with a 
gray scale of the brightness to be displayed. On the other hand, a voltage Vn which is low^ than a Itiminescent thresh- 
old voltage is applied to respective non-selected pixels. 

In Rg. 14, Tf shows a scanning timing. In tfiis case, the scanning signal is driven by a pulse having a duty ration of 
1/100. In this connection, it has l^een confirmed that the luminescence of the blue luminescertt layer 808 of the organic^ 
55 EL display device comprised of the organic EL elements of the fourth embodiment was a brightness of 100 cd/in2.at a 
driving voltage of 20V. - - 
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EXAMPLES 

< Manufacturing of Organic EL Elements) 
(Example 1) 

As shown in Rg. 1 . on the glass sul>strate 104. ITD transparent pixel electrodes 101. 102 and 103 were fonned by 
means of photolithography so as to form a pattern having a pitch of 1 0Ofxm and a thickness of 0. 1|im. 

Then, the spaces between the ITO transparent pixel electrodes were buried, and then banks 105 which act not only 
as a light cut-off layer but also an Ink drop preventing wail were fbmied by photoBthography. in this case, the banks 1 05 
were designed so as to have a width of 20|im and a thickness of 2.0^m. 

Further, after the pattern formation with red and green luminescent materials shown in Table 1 and Table 2 which 
were jetted from the head 1 10 of the ink-jet device 109, they were undergone heat treatment under a nitrogen atmos- 
phere for hours to polymerize the precursors in the compositions of the materials, thereby forming luminescent layers 
106 (red) and 107 (green). 

Then, by carrying out a vacuum deposition of aluminum quindynol complex to which perylene cc^densed aromatic 
was added as a dopant, a blue luminescent lay^- 108 of the electron injection and transfer type having a thickness of 
0.1 fim was formed. 

At the last, a Mg - Ag electrode 1 13 havir^ a thickness of 0.8 ^im was formed as a cathode using a vacuum depo- 
sition method to obtain an organic EL element r - 

(Example 2) 

In the same manner as Example 1, ITO transparent pixel electrodes 201, 202. 203 were formed on a glass sub- 
strate 204 as shown in Rg. 2. Thereafter, the spaces between the ITO transparent pixel electrodes were buried and 
then resists (partitioning walls) 205 made off a light-sensitive polyimide and functioning not only as a light cut off layer 
but also an ink drop preventing wall were formed. 

Then, after coating and pattern formatioh of read and green luminescent materials shown in Table 1 and Table 2. 
respectively, by using an ink-jet device 209 in the same way as the Example 1, they were undergone heat treatment 
under a nitrogen atmosphere for four hours to polymerize the precursors in the compositions of the materials; theretsy 
forming luminescent layers 208 (red) and 207 (green). 

Next, a hole injection and transfer layer made of polyvinyl cari^azole (PVK) was patterned on the transparent pixel 
electrode 203 by means of the ink-jet device 209. Then, a blue luminescent layer 210 was formed by coating the pyra- 
zoline dimer on top of the hole injection and transfer layer. ... 

Rnally. an Al - Li electrode 211 having the thickness of 0.8 iim was formed as the cathode by the deposition 
method, and thereby the organic EL element was manufactured. 

(Examples) 

First ITO transparent pixel electrodes 801 , 802 and 803 and banks 805 were Ibnmed on a glass substrate 804 as 
shown in Rg. 4 in the same Y/ay as Example 1. 

Next, an organic hole injection and transfer type material was mixed In the luminesce materials shown in Tal^e 1 
and Table 2 to form luminescent layers 806 (red), 807 (green) and 808 (trfue) by using an ink-jet device 809. 

Next, the vacuum deposition was cam'ed out using the aluminum quinolynol complex to which the doping was not 
earned out to form an electron ir^ection and transfer layer 81 1 having the thidoiess of O.ljun. 

Rnally, an Al - Li electrode 813 having the thidmess of 0.2 (im was formed as the cathode by the deposition 
method, and thereby the organic EL element was manufactured. 

(Example 4) . - . ; " • . 

In the same way as Example 1 . ITO transparent pixel electrodes 301 . 302 and 303 and banks 305 were formed on 
a glass sutsstrate 304 as shown in Rg. 3. 

Next after coating and pattern formation with red and green luminescent materials shown in Table 1 and Table 2, 
respectively, by using an ink-jet device 310 in the same way as Example 1. they were undergone heat treatment iinder 
a nitrogen atmosphere for four hours to polymerise the precursors in the compositims of the materials, thereby forming * 
luminescent layers 306 (red) and 307 (green). 

Next a hole injection and transfer layer 308 made of polyvinyl caibazole (FVK) was fbrmed on the entire surfaces ' 
of the luminescent layers 306, 307 and the transparent electrode 303 by means of the coaling method. 
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Then, a blue luminescent layer 309 made of a distyryi derivative was formed on the hole Injection and transfer layer 
308 by means of the vacuum deposition method. • 

Rnally. an At - Li electrode 311 having the thickness of 0.8 ^m was formed as the cathode by the deposition 
method, and thereby the organic ELelenent was manufactured. In this case, as described above, the cathode 31 1 was 
5 automatically separated and then insulated by the formation of tiie banks 304. the cathode was brought into a condition 
that is was patterned so as to correspond to the respective pixels 301 . 302 and 303. 

(Examples) 

10 First, in the same way as Example 1 , ITO transparent electrodes 801 . 802 and 803 and banks 805 were formed on 
a glass substrate 804 as shown in Rg. 4. 

Then, after coating and pattern fbnnation with the red. green and blue luminescent materials by discharging poly- 
meric Ofganic luminescent materials shown in Table land Table 2. respectively, using the ink-jet device 809. tiiey were 
undergone heat treatment under a nitrogen atmosphere at 150 "^C for four hours to polymerize the precursors in the 
75 compositions of the materials, thereby forming luminescent layers 806 (red), 807 (green) and 808 (blue). 

Next, the vacuum deposition was carried with the aluminum quinolynol complex to which the doping was not carried 
out to form the electron transfer layer 81 1 having, the thickness of 0.1|im. 

Rnally. an Al - Li electrode 812 having the thid^ess of 0.8 |im was formed as the cathode by the vacuum deposi- 
tion, so that the organic EL element was manufactured. 
20 ... v^. . - . - • • 

< Evaluation of tiie Luminescence Characteristics and the Rim Characteristics of the Luminescent Ls^ers) 

The luminescence characteristics and the film characteristics of the luminescent layers of the organic EL elements 
which were manufactured in Examples 1 to 5 described afcxsve were evaluated according to the following methods. 

25 ...... ^ ' ^ .:• *: • 

1 . Luminescence Starting. Voltage > ; . 

A prescribed voltage was applied to the element, and the applied voltage at which a luminance of 1 cd/m^ is 
observed was defined as the luminescence starting voltage [Vth]. 

30 • . / • . . • 

2. Luminescence Life . • 

The initial luminance after applying a stabilization treatment was set to 1 00%. and the changes in tiie luminance of 
the EL element were measured when subjecting it to contirujous luminescence through supply of a constant current of 
35 standard waveform, wherein the luminescence life is defined as tiie time until the luminance drops to 50% of the initial 
lumniance;. : .* - 

In this case, the drive conditions for ti^s experiment were set at 40''C for room temperature. 23% for humidity and 
20 mA/cm^ for current density. 

4o 3. Luminance (Brightness) 

The luminance was measured. In which the current was set to 20 mA/cm^. 

4. Wavelength at Maximum Absorption ; . . f . " " 

The wavelength at rnaxirnum absorption fon^^ch lunmescem liy^ 

5. Stability in Rim Formation : ' - • - r . 

so After heating the luminescent layer at 20''C for 60 minutes, condtions for occurrence of defects such as cracks'and . 
deformation In the respective luminescent layers were observed by a nrticroscopa 

The results of the evaluation were dassified according to the foHo^ " r-v 

@ • • • ^ctremelyfavorable > r. • - 

55 O •••Favorable... ... . . , i . . ■ : v: • . ■ </■ „ : : .•v*-'' 

X Unsatisfactory/ , i: ■ • \-': 

The results of :the evaluation are shown in Table 3 and Table 4. j; : 
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As indicated in Table 3 and Table 4. the luminescent layers in Examples 1 to 5 have excellent luminescence char- 
acteristics and excellent f 3m characteristics. In particular, when the lunninescent layers were formed of polymer organic 
compounds, no defects were observed in the luminescent layers, and extremely favorable thin films were otstained. 

In the above, the compositions for the organic EL elements and the manufacturing methods for the organic EL ele- 
. merits according to the present invention have been described according to the emtKxfiments that are illustrated. How- 
ever, the present invention is not limited to these emkxxiiments. ar^i for example, there may be inserted in the 
manufacturing processes for providing any intermediate functional layers between the respective layers. Further, the 
fluorescent dyes which are added for changing the luminescence characteristics are not linked to those described 
above. 

Further, a layer made of. for example. 1 ,2.4-tria2ole derivative (VAZ) ma^ be provided as a buffer layer between the 
re^ective layers, thereby enabling to more improve the luminance, luminescence life and the like. 

Furthermore, the manufacturing method for the organic EL elements accortfing to the present invention may 
include a further process in which surface treatment such as plasma, UV treatment coupling or the like are applied to 
the surface of the resin resists, the pixel electrodes and the underlying layers in order to facilitate the sticking of the EL 
materials. Moreover, it is possible to apply the manufacturing method for the organic EL elernent of the present inven- 
tion t the marujfacturing method for the inorganic EL element. 

The organic EL display device according to the present invention may be applied to the low information field, such 
as segment display and still image display of whole surface simultaneous luminescence, for example, display of pic- 
tures, characters, labels, or may be utilized as a fight source having point, line, or surface shape. 

INDUSTRIAL UTILIZATION 

As described in the above, according to the manufacturing method 6f the organic EL element of the present inven- 
tion, it is possible to explore rational design of the EL luminescerit elements through a wide ranging selection of the 
luminescent materials. For example, through arbitrary combinations of the luminescent materials and fluorescent dyes, 
it is possible to obtain wide variety of dispfay lights. 

Further, by using the organic luminescent materials, it is possit»le to obtain the cfiversified designs of the EL element 
having high lurrunance and long life. 

Furthermore, by carrying out thei pattern forming and arrangement, of the luminescent layer for at least one color, 
the hole irijection arid transfer layer and the electron injection and transfer fayer by means of the inkiet m^od, it ts pos- 
sible to set arbitrarily and predsely the size and the pattern of the luminescent elements. 

When a precursor, which can be conjugated (form a film) by thermosetting is used as a luminescent material, the 
latiti^e in the setting of conditions such as viscosity can be exparxied. and the adjustment of the concfitions suitable as 
a discharge liqukj for the ink-jet method can be facilitated. 

Further, according to the manufacturing method for the organic EL element of the presdnt inventfon. conditions 
such as the film thickness, the nun^er of dots and the like can be acfiusted artntrarity, so that it is possit>le to control 
readily the luminescence characteristics of the luminescent layers. 

Furthermore, according to the ink-jet method, it is possitrfe to move freely the head on the transparent substrate, 
thereby enabling to form an element with an artxtrary size without restricting the dimensions of the substrate. Moreover, 
since required amounts of materials can be arranged ax required locations, it is possible to maximally occlude the use- 
lessness of waste liquid or the like. Iri this way. nfianufacturing of 'a full odoir dispte^ device with large screen ^e 
becomes possible at a low cost. 
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Table 2 



Physical Properties of Com- 
position for EL Element 


Viscosity [cp] 


Surface Tension 
[dyne/cm] 


Contact Angle [""l 


Example 1 


Red 


3.77 


32.9 


54.4 


Green 


3.72 


32.8 


59.0 


Blue 








Example 2 


Red 


3.70 


32.6 


55.6 


Green 


7.73 


33.1 


59.8 


Blue 


3.88 


33.3 


60.0 


Examples 


Red 


4.85 


27,8 


47.8 


Green 


5.31 


25.6 


45.6 


Blue 


4.52 


28.2 


40.3 


Example 4 


Red 


3.78 


33.5 


60.1 


Greeri 


3.75 


32.1 


59.7 


Blue 








Example 5. 


Red 


3.80 


33.1. 


55.0 


Green 


3.75 


32:9 


59.1 


Blue 


3.91 


33.2 


60.2 



Table 3 





Luminescence Start- 
ing Voltage [VtfJ 


Lumnescence Ufe [hr] 


Luminance [cd/hfi^ 


\A^velength at Maximum 
Absorpti(»i [nm] 




R 


G 


B 


R 


G 


B 


R 


G 


B 


R 


G 


B 


Example 1 


2.0 


2.2 


3.1 


8000 


8000 


8000 


210 


230 


200 


600 


500 


400 


Example 2 


1.7 


1.8 


3.2 


10000 


10000 


9000 


230 


230 


180 


600 


500 


410 


Examples 


4.0 


3.5 


3.8 


4000 


5000 


4000 


150 


180 


100 


580 


510 


420 


Exanple4 


1.7 


1.8 


2.2 


10000 


10000 


10000 


250 


250 


200 


600 


530 


480 


Example. 5 


3.0 


3.2 


5.0 


5000 


5000 


5000 


200 


200 


200 


; 590 


, 530 


420 



Table 4 





Stability in Rim Formation - 




R 




B 


Exainplel 


® 


® 


@ 


ExampleZ 


® 


. ... ® . 


® . 


Example 3 




0 




Exainple'4 


@ 




' <§> 


Examples 


@ 


® 


® 
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1 . A method of manufacturing an organic EL element comprising the steps of: 
forming pixel electrodes on a transparent substrate; 

forming on said pixel electrodes by patteming at least one luminescent l^er having a certain color and made 
of an organic compound; and ' - 

forming a counter elecbrode opposing the pixel electrodes, wherein the formation of the luminescent layer is 
performed by means of an ink-jet method. 

2. The method of manufacturing an organic EL element as claimed In claim 1 , wherein the organic compound is a pol- 
ymer organic conpound. 

3. The method of manufacturing an organic EL element as claimed in claim 2. wherein the polymer organic compound 
75 is a hole injection and transfer type material. 

4. The method of manufacturing an organic EL element as claimed in claim 2 or 3. whe^rein the polymer organic com- 
pound is a polyparaphenylene vinylene or its djeriyative 'or a copolymer which contains at least either one of these 

. compounds. 
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5. . The method of manufacturing an organic EL element as claimed in any one of claims 1 to 4. wher^ said at least 
one luminescent layer comprises three luminescent layers having different three colorsi, and at least two lumines- 
' cerit layers in the three luminescent layers i^e forrhed by patterning by means of ari tiik^et rhethod. 



25 6. The method of manufacturing an organic EL element as daimed in daim 5. wherein said three colors include red, 
green arxJ k>lue; and the red luminescent layer and the green luminescent layer are formed by patterrting by mearis 
of an ink-jet method - , . 



7. The method of manufacturing an organic EL element as claimed in daim 6, wherein the blue luminescent layer is 
30 formed by a vacuum deposition method. 

8. The method of manufacturing an organic EL element as claimed in daim 7. wherein the blue luminescent layer is 
made of an electron injection and transfer type material. 

3S 9. The method of manufacturing ah organic EL element as claimed in any one of claims 1 to 8 , wherein said at least 
one lumiriescent layer is lanriinated with a hole Injection arid transfer te^ >«'~- 
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10. The method of manufacturing an organic EL element as claimed in any one of claims 1 to 9, further comprising the 
step of forming a protective film on the counter electrode. 

11. The method of manufacturing an organic EL element as daimed in any one of claims 1 to 10. further comprising 
the step of Ibrniing on said transparerit su^ 

12. The method of manufacturing ea^ organic EL^elenrie nt as daimed in ar^ one of dainrts 1 to 11, wlierein said pixe^^ 
45 electrodes are transpar^pixefe^ " ' 

13. An organic EL element, conrprising: 

a transparent substrate; \ ; _ _ ^ 

so pixel electnxles provided on the trarisparent substr^e;, , . ' . 

at least one luminescent layertiaving acertain cobjcand made of an organic compound, said lurninescent layer 

being patterned on tHe pixel €^edr 

a counter electrode formed on the luminescerrt layei^i ' 

55 14. The organic EL element as daimed in daim. 13, wherein the organic compound is a polymer organic corrpound. 

15. Th organic EL element as'clairhed in daim 14,''whereih'thelpx>lyme^ organic' coniipoundJs a'hble injectfon and 
transfer type material. ' - - - • - ^ — - 
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16. The organic EL element as claimed in daim 14 or 15. wherein the polymer organic compound is a polyparaphe- 
nylene vinylene or its derivative or a copdymer which contains at least either one of these compounds. 

17. The organic EL element as claimed in any one of claims 13 to 16, virtierein said at least one luminescent layer com- 
prises three luminescent layers having different three cdors, and at least two luminescent layers in the three lumi- 
nescent layers are formed by patterning by means of ari ink-jet method. 

18. The organic EL element as claimed in daim 17. wherein said three colors indude red. green and blue, and the red 
luminescent layer and the green luminescent layer are patterned by means of an ink*jet method. 

19. The organic EL element as claimed in any one of daims 13 to 18, wheran the blue luminescent layer is formed by 
a vacuum deposition method. 

20. The organic EL element as claimed In daim 1 9, wherein the blue luminescent layer is made of an electron injection 
and transfer type material. 

. 21. The organic EL element as daimed in any one of claims 13 to 20. wherein said at least one luminescent layer is 
laminated with an electron jnjectk>n arid transfer type material. • ■ 

22. The organic EL element as daimed in any one of claims t3 to 31, fiirther comprising a protective film formed on 
the counter electrode. 

23. The organic EL element as claimed in any one of daims 13 to 22, wherein said pixel electrodes are transparent 
pixel electrodes. 

24. An organic EL display device comprising the organic EL element as claimed in ar^ one of daims 1 3 to 23. 
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FIG. 2 




.-^204 




205 : 



'204 



1 J^ 09 



206 



0 207 208 




— r- 

201 




J. 



202 




203 



.205 



.204 




206 7 210 207 ) 208 ) 
201 202. 203 



-205 
204 




( ; ( — r — t 

206 ; ^ 207 ) 208 ' . 

201 . ~ 202 - 203 



20 



EP0880 303 A1 



FIG. 4 
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FIG. 7 
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FIG. 8 
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FIG. 10 
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FIG. 12 
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FIG. 14 
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FIG. 15 



Lianinescence 

t t t t 




BNSOCX:lO: <EP_088aQ03At_l_> 



33 



EP0 880 303 A1 



INTERNATIONAL. SEARCT REPORT 



Intew m kawl sppUcaUoa No. 

PCT/JP97/04283 



I A. CIASSIFICAnON OF SUBJECT MATTER ; 
Int. Cl^ H05B33/10; H05B33/14', G09F9/30 

I AaaonKogtD I ntftmrtirma l Pitei aM<8ficatUw(IPC) ortoboft latiooaJ desiCcatioQ «nd IPC 



B, FIELDS SEARCHED 



Int. Cl^ H05B33/00-33/28, G09F9/30 



Jitsuyo Shinan Koho 
Kokai Jitsuyo Shinan Koho 
Torokn Jxtsuyo Shinan Koho 



tBihsi 



1971 - 1998 
1994 - 1998 



iododed is the fiddi 



I wed) 



[C. DOCOMEimcONSroStED TO BE g^PVAKT 



Category* 



X 
Y 



A 

y 



Otitic 



, of the rdevanl 



passages 



JPr 7-235378, A (Casio Conputer Co., Ltd.) 
September 5, 1995 (05. 09. 95); 
Column. 7, line 31 to column 8, line 48 
(Family: none) 



JP, 7-294916, A (Toray Industries, Inc.), 
November 10, 1995 (10. 11. 95), 
Column 3, line 48 to column 4, line 31; 
column 5, lines 21 to 29 ( Family s none) 

JP, 7-169567, A (Idemitsu Kosan Co., Ltd.) 
July 4, 1995 (04. 07. 95) , 

Column 21, line 32 to column 22, line 31? 
Fi9- 3 (Family: none) 



Relevmm to claim No. 



1-3, 5, 
12-15, 17 
4, 5, 9-12, 
16, 17, 

19- 24 

6-8, 18-20 

4, 5, 9-12, 
16, 17, 

20- 24 
8, 20 

10-12, 22-24 



I fxl Further 




imnortfflrriiadipart 
oClfte aaae patoat tamOy 



I Date of ttm artnai onmplation «f rit#> St^.— mrrh 

February 6, 1998 (06. 02. 98) 



Daleaf maniog of Iheiiitcniatiooal search rqxnt 

February 24, 1998 (24. 02. 98) 



I Namea^maiibvaddfessoftfaelSA/ 

Japanese Patent 0££ice 
I F>fiifoil<HoL **■ . 
Fdnn FCX/ISAmO<snnd sheet) (fidy 1992) 



34 



EP 0 880 303 A1 



INTERNATIONAL SEARCH REPORT 



Interaatioiial applicitioa No. 

PCT/JP97/04283 



C(Comiauation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Gtation of docuinent, with indicaCion, where appropriate, of the idcvanl passages 



Relevant to datm No. 



JP^ 5-258 860, A (Eastman Kodak Co*) # 
October 8, 1993 (08. 10. 93), 
Column 7, line 48 to column 8, line 41; Fig. 
& US, 5294870, A & EP, 550063, A2 



19 - 24 



8, 19 




Fomi PCr/ISA/210 (oootiaiiatian of aeoMd abeet) (July 1992) 



35 



r 



THIS PAGE BLANK (uspio) 



